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Methods. Psychosocial stress was assessed by a questionnaire in 14 577 patients (median age 65.0, IQR 59, 71; 81.6% males) with stable CHD on optimal secondary preventive therapy in the prospective randomized STABILITY clinical trial. Adjusted Cox regression models were used to assess associations between individual stressors, baseline cardiovascular risk factors and outcomes.
Results. After 3.7 years of follow-up, depressive symptoms, loss of interest and financial stress were associated with increased risk (hazard ratio, 95% confidence interval) of CV death (1.21, 1.09-1.34; 1.15, 1.05-1.27; and 1.19, 1.08-1.30, respectively) and the primary composite end-point of CV death, nonfatal MI or nonfatal stroke (1.21, 1.13-1.30; 1.19, 1.11-1.27; and 1.17, 1.10-1.24, respectively). Living alone was related to higher risk of CV death (1.68, 1.38-2.05) and the primary composite endpoint (1.28, 1.11-1.48), whereas being married as compared with being widowed, was associated with lower risk of CV death (0.64, 0.49-0.82) and the primary composite end-point (0.81, 0.67-0.97).
Introduction
Psychosocial stressors have been shown to influence the risk of developing coronary heart disease (CHD) in the general population [1, 2] . Depression, chronic work stress, low control and financial stress elevate the risk of cardiovascular diseases [1, [3] [4] [5] [6] [7] . In observational studies, patients with recent myocardial infarction (MI) report more work, home and financial stress than their matched controls without MI [6] . In addition, living alone and marital status, which may be considered proxies for social support, have been linked to cardiovascular disease (CVD) [8] [9] [10] . The underlying causes giving rise to the observed associations between psychosocial stress and increased risk of CVD are not well understood, but may include both direct physiological mechanisms as well as an unfavourable behavioural and/or lifestyle patterns.
Despite prior data from the general population and from patients with prevalent MI, less is known of the risk of recurrent events associated with psychosocial stress in patients with established stable CHD. Further, despite the common clustering of psychosocial stressors, most prior studies have investigated a single measure of psychosocial stress [11] , or used an extensive complex questionnaire, both for patients and caregivers. The aim of the study was to investigate the associations between simple questions of perceived level of psychosocial stress, such as depressive symptoms, different types of stress, and if the patient was living alone or not, and the risk of major cardiovascular events, in a large population of patients with stable CHD with optimal secondary prevention treatment.
Materials and methods
The trial design, rationale and results from the STabilization of Atherosclerotic plaque By Initiation of darapLadIb TherapY (STABILITY) trial (www.clinicaltrials.gov NCT00799903) have been published previously [12, 13] . The trial (protocol: www. nejm.org/doi/full/10.1056/NEJMoa1315878) evaluated the efficacy of darapladib, an oral direct inhibitor of lipoprotein-associated phospholipase A 2 (Lp-PLA 2 ), compared to placebo on CV events in 15 828 patients with stable CHD (prior myocardial infarction, prior coronary revascularization or multivessel CHD) on optimal secondary preventive treatment with a median follow-up of 3.7 years. The trial was performed in 39 countries, sponsored by GlaxoSmithKline, and was designed and supervised by the executive committee, which also is responsible for the current ancillary study. The ethics committee of each participating country approved the study and all patients provided written informed consent prior to inclusion. The study was conducted according to the Helsinki declaration.
Study end-points
The study end-points of this post hoc substudy were the composite of CV death, nonfatal MI, or nonfatal stroke (the primary composite end-point), CV death, all-cause death, MI, stroke and hospitalization for heart failure. All end-points were defined previously [12] , documented and reported by STABILITY study investigators and were adjudicated by an independent clinical events committee. End-points were evaluated by examining time from study randomization to first occurrence of each event of interest.
Psychosocial questionnaire
Patients completed a baseline questionnaire, reporting level of education, marital status (divorced, married/partner, single, widow [reference]), if they were living alone (yes [reference]/ no), levels (rarely/never [reference], sometimes, often, always) of depressive symptoms (feeling sad, low in spirits or depressed; below denoted "depressive symptoms"); loss of interest (loss of interest in hobbies or activities that previously gave pleasure); home, work and financial stress; home and work-related sense of control during the last year. The psychosocial stress questionnaire was in part based on the psychosocial questionnaire used in INTERHEART and in part developed for the STABILITY trial. To explore baseline characteristics and risk factors according to increasing frequency of psychosocial stress, a composite measure of psychosocial stress was created based on the questions that were most strongly associated with outcomes. This was calculated by assigning points for increasing psychosocial stress level (0-4 points, 4 being the highest frequency) for depressive symptoms, loss of interest and financial stress. Living alone was allocated 3 points and living with someone 0 points. Assigned points for these factors were summed up to calculate the summary measure for each patient. Patients were grouped into three groups, according to the level of this composite measure. The first group (≤1 points) includes patients who infrequently experience any of these stress factors and did not live alone. The second group (2-3 points) includes patients who sometimes experience one or more of the stress factors, or regularly experience one but not all of the factors, or who live alone. The third group (>3 points) includes patients who often experience multiple stress factors or who sometimes experience multiple factors and live alone.
Statistical analyses
Continuous variables are presented as medians and interquartile ranges (IQR), categorical variables as counts and percentages. Demographics and other baseline characteristics were also compared across categories of the composite psychosocial stress level (≤1, 2-3, and >3 points). Tests for a trend in characteristics across the three composite psychosocial stress level groups were reported. The relation of psychosocial variables and the study end-points are presented in cumulative Kaplan-Meier curves and analysed with Cox proportional hazards models (hazard ratios [HR] 95% confidence intervals [CI]) with the psychosocial stressors as ordinal variables. Relationships between outcomes and stressor variables were evaluated for linearity, and appropriate nonlinear transformations used when needed. For each study, end-point HR are presented for work stress (for sometimes/often/always vs. never [amongst workers]); for financial and home stress, sense of control, feeling sad and loss of interest (per one category increase of never/sometimes/often/always); living alone (yes vs. no); marital status (listed categories compared to widowed). A series of two regression models were used to adjust the analyses of study end-points for key study design characteristics, known cardiovascular risk factors, and other potential confounders. Adjustment covariates were specified a priori in the statistical analysis plan. The first model adjusted for randomized treatment, age and sex. The second model adjusted for model 1 and CV risk factors (previous MI, previous CABG, prior PCI, multivessel disease, renal dysfunction, polyvascular disease, systolic and diastolic blood pressures, low-density and high-density lipoprotein cholesterol, diabetes mellitus, smoking [current, former, never], body mass index [BMI], family history of CHD and years of education). Each psychosocial stress variable was fitted into the model separately. In a secondary analysis, a model fitting all psychosocial stressors into model 2 was performed, however, due to multicollinearity within the psychosocial questions, only limited data are presented. Further, in a sensitivity analysis, to take possible regional and cultural differences in responses to questions into account, region of enrolment has been added to the model. Natural logarithmic (log) transformations were performed for continuous variables with skewed distributions where appropriate. The interaction of the effects of psychosocial stressors on outcomes by sex was tested.
P-values <0.05 from two-sided tests were considered statistically significant. Analyses were performed at the Duke Clinical Research Institute in Durham, North Carolina, USA and were performed using SAS 9.4 (SAS Institute Inc. Cary, North Carolina, USA).
Results

Baseline characteristics
A total of 15 828 patients were enrolled in the STABILITY trial. This substudy is based on 14 849 patients with complete data for the most important psychosocial stress variables (depressive symptoms, loss of interest, financial stress and living alone). Baseline characteristics are presented in Table 1 . Degrees of psychosocial stress during the last year are displayed in Table 2 . About 30% of the patients reported currently working (full-time, part-time or self-employed, Table S3 ). Patients with higher psychosocial stress were more likely to be younger, female, obese, current smoker, have hypertension, diabetes mellitus and congestive heart failure (Table S1 : baseline characteristics by level of psychosocial stress).
Clinical outcomes
The overall rates of end-points with a median follow-up period of 3.7 years postrandomization were as follows: primary composite end-point 9.8%; MI 4.8%; CV death 4.5%; all-cause death 6.8%; stroke 2.0%; and hospitalization for heart failure 2.2%.
Increasing frequency of depressive symptoms and loss of interest were robustly associated with a gradually increased risk of CV death, the primary composite end-point and all-cause death ( Table 3) . Indices of depression were not associated with MI, stroke or hospitalization for heart failure (Table S2) , except for depressive symptoms being associated with increased risk of stroke (HR 1.23, 95% CI 1.05, 1.45, P < 0.05). Event curves of depressive symptoms and the primary composite outcome are presented in Figure S1 .
Financial stress was strongly associated with a higher risk of CV death, the primary composite end-point and all-cause death (Table 3 , Fig. 1 , Figure S1 ). There were no associations between financial stress and the risk of nonfatal MI or nonfatal stroke (Table S2) .
Amongst those reporting feeling stress at work sometimes, often or always, the risk was lower for CV death, all-cause death and the primary composite end-point compared to not feeling stress at work (Table 3 , Fig. 1 ). There were no associations observed between levels of work-related stress and the risk of MI, stroke or hospitalization for heart failure (Table S2 ). Stress at home was not significantly related to any outcome (data not shown).
Living alone was associated with an increased hazard of CV death, all-cause death and the primary composite end-point (Table 3 , Fig. 2) .
Being married or living with a partner was associated with a lower risk of CV death, all-cause death and the primary composite end-point, compared to being widowed (Table 3 ). There were no associations between living alone and risk of MI, stroke or hospitalization for heart failure (Table S2) . Being single or divorced, as compared to being widowed, Values are medians (interquartile ranges) and n (%) for categorical variables. MI, myocardial infarction; BMI, body mass index; prior revascularization: percutaneous coronary intervention and coronary artery bypass grafting; LDL, low-density lipoprotein cholesterol; HbA1c, haemoglobin A1c; hs-CRP, high-sensitive C-reactive protein. Psychosocial stress and CVD / E. Hagstr € om et al. was not associated with risk of any of the outcomes (Table 3, Table S2 ).
We found no associations between levels of control, at work or at home, and the risk for any of the outcomes (data not shown).
In a sensitivity analysis adding region of enrolment to the model, all results remained consistent for all exposures and outcomes (data not shown). There were no significant interactions with psychosocial stressors on any outcome by sex after adjusting for other risk factors (data not shown). In a secondary analysis, including all psychosocial stress variables in the same model, living alone, having depressive symptoms, loss of interest and feeling financial stress, were all associated with all-cause death (outcome chosen for maximal power) similar to the primary analyses (HR 1.10-1.30, P = 0.002-0.025). Feeling financial stress was associated with the primary composite outcome (HR 1.08, P = 0.023). For both all-cause death and the primary composite outcome, for workers, stress at work was associated with a lower risk (HR 0.71-0.77, P = 0.002-0.005).
Discussion
In this large global study of patients with stable CHD and optimal secondary preventive therapy, a high burden of psychosocial stress including depressive symptoms, loss of interest, living alone and financial stress was associated with CV risk factors as well as with ischaemic CV events and all-cause death. Further, patients with a higher level of psychosocial stress had a less favourable risk factor profile. These findings suggest that also in patients with CHD, an unfavourable psychosocial milieu could add additional risk beyond established risk factors and physical comorbidities.
Depressive symptoms were reported by more than half of the patients, with more than 10% reporting depressive symptoms often or always during the past year. This is consistent with other findings although direct comparisons are difficult due to differences in study populations and the assessment of depressive symptoms [14] . The INTERHEART study, which used similar questions found fairly similar prevalence of stress at work and at home as our study [6] .
Our findings of increased risk of CV events in patients reporting depressive symptoms are consistent with a previous study in which depression was assessed with extensive validated questionnaires and diagnostic interviews in a rather small cohort of patients with stable CAD [15] . Increased risk for all-cause death, but not for ischaemic events, has been described in patients post-MI or with stable CAD reporting depressive symptoms [16] , and associations between depressive symptoms and risk of stroke have been observed [17] . Further, in the general population, depressive symptoms have also been linked to increased hazard of CHD [1] .
Whilst earlier studies have found associations between stress at work and increased risk for CV disease, we unexpectedly found the opposite [6, 18] . The reason for this discrepancy is unknown, but as stress at work is a multifaceted problem, assessment by a single question may be too crude. Furthermore, in contrast to other studies where stress was predefined as being irritated, having anxiety or experiencing sleeping problems, our questionnaire did not predefine stress, which may have left the questions open for individual interpretation or taken both high demand in CV death (%)
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combination with low control into account whereas this study probably only takes high demands into account [6, 19] . Stress may also be interpreted in a more positive context as a signal of being important, being needed, having a good social status and belonging to a social context, which could all potentially lead to a lower CV risk.
We did not observe associations between stress at home and risk for any of the outcomes. Comparisons with other studies are difficult as stress at home as a general factor has not been frequently studied. The INTERHEART study, using a specified, negative definition of stress at home, found a significant association with MI risk [6] . Besides the possibly different interpretations of stress, the two populations differ in that INTERHEART is a crosssectional case-control study of patients with acute MI, whereas STABILITY included stable patients observed over time. In a study from Whitehall II, individuals reporting that stress had affected their health to high degree had a higher risk of CHD than individuals who perceived that stress affected their health to a lower extent [2] .
We found no association between sense of control at work or at home and the risk of any of the clinical outcomes. The combination of low control and high demand at work has been found to be predictive of CV events in other studies [7, 20] . The term 'sense of control' may be too complex, and using only one question may be insufficient to identify key details. Most previous studies in the field have used a group of questions [6, 20] .
Our findings of financial stress being associated with increased risk for all-cause death and CV events are in accordance with other studies [6, 8, 21, 22] . Financial stress was not associated with increased MI risk in this study, which is inconsistent with earlier studies [8, 22] . There are several possible explanations to the increased risk of events from financial stress, such as feelings of inferiority and loss of status. Financial stress might preoccupy somebody and divert energy and resources from focusing on health and healthy behaviours [5] . Individuals living in more deprived areas are also more vulnerable to neighbourhood risk, that is negative impact on one's health independent of their own socio-economic status [23] .
In this study, being married or having a partner was associated with a substantially lower risk of CV and all-cause death as well as the primary composite end-point. Studies in the general population have previously found similar risks of developing CHD but a substantially lower risk of death due to CHD for women who are married or living with a partner [10] . Our findings are consistent with observations from a prospective study of almost 45 000 stable outpatients at risk for atherothrombosis living alone with higher death overall [9] . Not living with someone might be a marker of an overall stressful psychosocial situation, such as isolation or lack of social support and might deter individuals from seeking medical attention in case of severe disease [11, [24] [25] [26] .
In a secondary analysis including all psychosocial variables into the same model, the same overall pattern of associations between psychosocial stressors and all-cause death was observed. Similar nonsignificant associations were seen for stressors and the primary composite outcome. Due to multicollinearity between the stressors, data should be interpreted with caution.
The potential links between psychosocial stress and increased risk of CVD are not fully understood. They include an unhealthy lifestyle, lower adherence to lifestyle modification, poor compliance to pharmacotherapy and lower participation rates in cardiac rehabilitation [2] . In this study, we observed an accumulation of baseline CV risk factors and comorbidities associated with increased hazard, also seen in prior studies [27] . Furthermore, stress may induce physiological disturbances such as neuroendocrine dysfunction, impaired autonomic cardiac control, increased platelet activity, endothelial dysfunction and inflammation [28] .
Limitations
Limitations of this study include the simplified questionnaire used to collect psychosocial information. Previously used standardized assessments for psychosocial health have either focused on single psychosocial stressors, such as depression or stress or if including a broader array of psychosocial stressors, been extensively complex for both patients and caregivers. As this study did not primarily address psychosocial outcomes, the included questionnaire was generated to with a few simple questions assess general patterns of psychosocial stress, rather than being a diagnostic validated instrument. We were, however, able to find robust prognostic information using these fairly simple questions. As this is an observational study, it is possible that psychosocial stress may be a proxy for general health and that the associations are caused by unmeasured common factors rather than being related to the progression of atherothrombotic disease. Yet, psychosocial stress was strongly related to multiple outcomes during long-term follow-up in models adjusting for established clinical risk factors.
As this is an observational study, inherited limitations such as the potential for confounding cannot be ruled out. Further, a high proportion of the patients were males, and more than half of the patients were not working, making generalizability unknown to populations with high proportion of women or workers. After taking gender and if the patients were working or not into account, the results remained robust throughout all analyses. Further, patients from different regions, countries and cultures may not interpret the questions and responses in a uniform way. To take this into account, region of enrolment was added into a sensitivity analysis with consistent results. Residual confounding is, however, still possible. The lifestyle questionnaire was completed by almost all STABILITY study participants, so selection bias within the study population would be minor.
Conclusions
In this large global study of patients with stable CHD and optimal secondary prevention therapy, depressive symptoms, financial stress and living alone, reflecting a high burden of psychosocial stress, were associated with ischaemic CV events and death. These findings suggest that secondary CHD prevention should reach beyond established risk factors and therapies. Further studies in this setting should focus more on the psychosocial burden of these patients.
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